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Abstract:
In the next decades, JAXA plan to launch a series of GCOM satellites. Onboard the GCOM-C satellite the SGLI
sensor will enable global observation of the environment and human activities. The successful calibration and
validation of space sensors (such as SGLI) is crucially important and is depending on many factors, such as rigid
ground-truth campaigns, the validation of the product algorithms. Also the transfer of ADEOS-2 GLI algorithms to
the SGLI project needs a special validation effort. The airborne imaging spectrometer APEX is able to support
these activities since it was especially designed for the calibration, validation (CalVal) and simulation of space
sensors. In this paper the binning pattern are discussed to cover the spectral bands of the former GLI sensor in a
way, it promises best results.
1. Introduction
The SGLI sensor series onboard the GCOM-C satellite will enable continuous observation of climate change and
human interaction over 13 years from the year 2011. To cover the time range of 13 years, three series of satellites
are planned to be launched every four years assuming a lifetime of each of the satellites of around five years and
considering one year overlap for cross calibration between satellites. The APEX sensor is an airborne imaging
spectrometer to be flown on various platforms, such as the DO-228, HALO. Within the APEX project a new
exchange node of scientific ideas, methods and results, the APEX Science Center (ASC) is currently set-up, which
allows the exchange of scientific knowledge in the science community using the open source code development.
The APEX instrument has during operations two spectral modes, i.e., a spatial mode (about 300 spectral bands)
and a spectral mode (about 500 spectral bands). While for the SWIR channel all 199 can be read-out
simultaneously, the APEX VNIR channel has 312 spectral bands, where only 114 bands can be read out in spatial
mode, i.e., 312 bands have to be binned in a way that is optimal for various applications, while offering
appropriate Signal–to-Noise Ratio (SNR) performance. In this study, binning patterns for the various space
sensors1 simulation (up/down-scaling), such as GLI/SGLI, MODIS or MERIS, are proposed. For the cross-
calibration also the edges of the Relative Spectral Response functions (RSR) of the space sensor bands have to be
taken into considerations using weighted software binning methods.
2. Satellite Sensor SGLI
GCOM-C is a JAXA mission on environmental remote sensing, enabling global change monitoring over a long
duration of 13 years. The SGLI sensor is the core sensor of this mission dedicated to environmental remote sensing
in the spectral range from 0.38 to 12 micron with a spatial resolution of 250 m to 1 km2,3. In the following we
assume similarity of SGLI and GLI4 spectral bands.
3. APEX – the airborne simulator
APEX5,6 is an dispersive pushbroom imaging spectrometer operating in the spectral range between 380 - 2500 nm.
The spectral resolution will be better than 10 nm in the SWIR and < 5 nm in the VNIR range of the solar reflected
range of the spectrum. The total FOV will be ± 14 deg, recording 1000 pixels across track with about 300 spectral
bands simultaneously. A large variety of characterization measurements will be performed in the scope of the
APEX project, e.g., on-board characterization, frequent laboratory characterization, and vicarious calibration. The
retrieved calibration parameters will allow a data calibration in the APEX Processing and Archiving Facility (PAF).
The data calibration includes the calculation of the required, time-dependent calibration coefficients from the
calibration parameters and, subsequently, the radiometric, spectral and geometric calibration of the raw data.
4. Approach
To analyse the binning pattern for SGLI/GLI an approach was selected having the following steps:
1. For the calculation of all 312 peak-normalized APEX VNIR-channel RSR, the Spectral Sampling Interval (SSI),
the Center Wavelength (CW) and the ratio between SSI and the spectral band width  (Dlambda) was used.
2. Calculation of APEX VNIR 312 RSR assuming Gaussian distribution using the above values.
3. All Gaussian RSR are plotted vs. the wavelength.
For the comparison with space sensor RSR, the following narrow bands (Dlambda ~10nm) were used: GLI (band 1
– 19), MERIS (band 1 – 15) and MODIS (band 8 – 19).
Note, for the simulation of broad-band RSR for sensors, such as ETM+ and SPOT, the 10-nm bands can be binned
afterwards in the PAF.
3. Visualization of all APEX, MERIS and GLI RSR in 13 regions of interest.
4. Visual decision process selecting the appropriate APEX bands for each of the GLI, MERIS and MODIS bands.
Note, this selection is still preliminary and has to be re-evaluated during future scaling and CalVal activities.    
5. Calculation of the in-band irradiance values for all space sensor RSR using Thuillier-2003 data (E0)7.
6. Calculation of the in-band irradiance values of binned APEX RSR representing 15 MERIS and 19 GLI bands.
7. Solar irradiance data and the in-band irradiance of 15 MERIS bands and 19 GLI bands are plotted in absolute scale
and relatively as APEX (E0) / E0 (Meris, GLI) (see Figure 3).
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Figure 1: In the region of MERIS band 1 and GLI band 1,2,3 all APEX RSR are plotted vs wavelength.
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Figure 2: In the region of MERIS band 2,3 and GLI band 4,5,6, all APEX RSR are plotted vs wavelength.
5. Results
The results of the RSR calculations and the visualization of both, APEX bands and space sensor bands, and finally
the evaluation of the binned pattern are outlined.
In Figure 3, the selection of the APEX binning pattern were evaluated. For the evaluation the in-band irradiance of
the 15 MERIS, 19 GLI bands and the corresponding APEX binned bands were calculated using the following
equation:
in _band _ irradiance = E0
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When plotting the ratio, E0(APEX)/E0(MERIS,GLI), ideally, the values should be around 1.  All MERIS (and
most of the GLI) in-band irradiance values are within the ±1% error bar. GLI bands 1,4,7 are underestimated by
APEX binned bands and GLI band 14,15 are overestimated, however all bands are within the ±2% error range. The
RSR of the outliner GLI band 1 (-7%) starts at 375 nm, thus the first APEX binning band is not able to cover the
entire spectral range of this band (see Figure 1).
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Figure 3: Solar irradiance data and the in-band irradiance of 15 MERIS bands and 19 GLI bands are plotted in
absolute scale and relatively.
6. Conclusion
In this paper various binning patterns for APEX are proposed. This binning pattern will allow the simulation
(up/down-scaling) of space sensors including the narrow spectral bands (~10nm) of GLI (and MODIS, MERIS).
The results of the selection process are still preliminary, since these findings must be re-evaluated during future
scaling and CalVal activities. The patterns are also validated for the retrieval algorithms of vegetation, water, soil-
related parameter products.
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